The relationship between Agricultural risks and rural poverty is always a central issue for anti-poverty policies designing. Natural disasters risk is a common form of agricultural risks in china. The paper estimates the extent that the natural disaster has impacted on household vulnerability in the stricken areas. To discover the different characteristics associated with vulnerability between pre-disaster and post-disaster, we regressed vulnerability against a set of geographical and household characteristics. The paper shows that although a relatively small number of household have average revenue below the poverty line after attaining the government post-disaster subsidy, a much larger number of households have a greater probability of being poor in the future. There are some different characteristics associated with vulnerability between pre-disaster and post-disaster. This research will explore the implications for the design of effective poverty reduction policy for post-disaster reconstruction in the case of Wenchuan earthquake.
Introduction
Since 1990s, the international community has put forward the poverty reduction direction targeting at creating opportunity, empowering and reinforcing safety security of poor people. Lowering the vulnerability to poverty has become an important content of anti-poverty research. From 2000s, more and more researchers realized that the study on risk and vulnerability to poverty is a key to understand the poverty problem. The vulnerability to poverty is defined as a probability, the risk that a household will experience at least one episode of poverty in the near future (World Bank, 1995) . Many households, while not currently in poverty, recognize that they are vulnerable and that events could easily push them into poverty -a bad harvest, a lost job, an unexpected expense, an illness, a lull in business (World Bank, 2000) . For most population in poverty, risk and vulnerability to poverty is the key factor leading to poverty. Taking China as example, about 15.4 million people went back below the poverty line in 2003, most of them are the 100 million people who escaped poverty only one year. These people are very vulnerable when facing the hazard and risk, and easily go back to poverty when circumstances changes (Liu,2005) .
In China, the poverty regions usually are those regions which often suffer from natural disasters. There are 592 national state-level poverty counties in China, 70 percent of them are very fragile in eco-environment. The frequent occurrence of natural disaster has caused great harm to the local agricultural economy, which is also the important reason of rural poverty. The "5.12 Wenchuan Earthquake" in 2008 caused 51 affected counties in Sichuan, Gansu, Shaanxi Province suffer significant losses, including 15 state-level and 28 provincial key counties of poverty alleviation and development. The common characteristic of these affected counties are poor natural conditions, weak infrastructure, low levels of economic and social development. Wenchuan earthquake makes the poverty rate of the 43 counties rose from 30% pre-disaster to more than 60%, the rate of returning into poverty because of disaster is as high as 30%. Excepted for income subsidies granted by the State, the farmers' per capita net income in these poverty-stricken counties fell from 1873 RMB by the end of 2007 fell to less than 1000 RMB.(The state Council leading Group Office of Poverty Alleviation and Development,2009 ).
As showed in the Fingure 1, natural disaster cause the farmers fall or back into poverty in five aspects, that is great loss of physical capital (the destruction of infrastructure, housing collapse, etc.), human capital (personnel casualties, reduction of labor force), financial capital (the interruption of migrant workers, planting and breeding industry losses), natural capital (the destruction of farmland and the environment), and social capital. Farmers suffered significant losses in the above five areas, which make their degree of vulnerability increase commonly. The paper estimates the extent that the natural disaster has impacted on rural households' vulnerability in the stricken areas. Besides, what are the family characteristics factors and economic factors that affect the vulnerability of farmers in the poverty-stricken areas? Do they change before and after the natural disaster? This paper establish the regression equation of the vulnerability to poverty, and control the main influencing factors in the regression. By comparing the affect size and direction of the each variable before and after the disaster, this paper will show the main influencing factor and their changers. 
Quantitative Study on the vulnerability of poverty of farmers
The quantitative study on vulnerability of poverty has gradually developed since the 20th century, and the current studies on vulnerability of poverty are still rare. This study starts with long-term poverty measurement model and analyzes its limitations. Then the measurement models of vulnerability of poverty, which have been applied frequently in previous studies, are illustrated, and a brief evaluation of these models are presented.
The measurement of long-term poverty and transient poverty
Jalan, Ravallion (1998) Here, it y is the specific consumption of farmers i in the period t , z is the poverty line, is a measure of avoiding unequal preferences. At this time, a farmer's long-term poverty can be defined as:
The significance of this measure is that poverty is not only related to the current income households, but also to the anticipation of future income of the farmers. Here, the use of Foster-Greer-Thorbecke long-term measure of poverty,
Farmers with transient poverty are defined as:
The limitations of this measurement method of poverty lies in that, it only uses a single indicator of income in the analysis of poverty of rural households, which does not reflect the fluctuation of the disadvantaged groups. In short, the long-term poverty value of a rural household with greatly fluctuated consumption level may be the same as that with the identical average consumption level but without significant consumption fluctuations. It is clear that, the degree of vulnerability of poverty of the two situations may be far different. Therefore, this measurement approach ignores the fluctuation of livelihood cost, and the ability of farmers resisting risks can not be reflected.
Measurement model of vulnerability of poverty by Pitchett, Suryhadi and Sumarto
Pitchett, Suryhadi and Sumarto deem that the measurement of vulnerability of poverty is related with not only the current economic situation and economic behaviors of farmers, but also their expectations of future risks. Therefore, the measurement of the vulnerability of poverty of rural households is necessary to be carried out from the identification of possible risk factors that farmers might be faced with and might essentially make them into or back to poverty. Pitchett, Suryhadi and Sumarto established a measurement model of the vulnerability of poverty in 2000. Michele Calandrino applied this model in the study of vulnerability of poverty of the rural households in Sichuan province.
In the measurement model of vulnerability of poverty by Pitchett, Suryhadi and Sumarto, the vulnerability of poverty is defined as the "possibility of a farmer falling into poverty in any certain period", namely:
Pr ( ) 
Where, i is the actual average consumption expenditure of rural households in various periods, i is the standard deviation of consumption in various periods. i and i can be estimated with y and s . Therefore, the vulnerability of poverty of rural households can be measured by the following formula:
This measurement model of the vulnerability of poverty is still based on a single indicator of consumption, however, it takes advantage in containing the expectation and measurement of poverty of rural households in different periods.
Measurement model of vulnerability of poverty by Calvo, Dercon (VUP)
Calvo, Dercon (2005) made a very detailed discussion on the vulnerability of poverty. On this basis, they established a measurement model of vulnerability of poverty based on single dimension (vulnerability to unidimensional poverty, VUP).
In the VUP model, the degree of vulnerability of poverty is derived from the following formula: 
Cesar calvo's multi-dimensional measurement model of vulnerability of poverty (VMP)
Cesar calvo proposed a multi-dimensional measurement model of vulnerability of poverty in 2008 (vulnerability to multidimensional poverty, VMP), he pointed out that the measures of income, consumption, or other commonly used health indicators are not enough. Instead, education, residential, work type should be included in the measurement of vulnerability of poverty.
In VMP model, the degree of vulnerability of poverty is derived from the following formula: , indicates a relationship of substitution, while indicates a relationship of complementation. This study considers that the VMP model is currently a superior measurement model of vulnerability of poverty, however, it is difficult to be applied in practice.
The data

Data source
The research data of farmer household is derived from the field survey by the Economics and Management College of China Agricultural University, investigating in six serious disastrous counties from three earthquake battered provinces, Sichuan, Gansu and Shanxi, in July of 2009, among which four counties (districts) have been listed as the "Key Counties For National Poverty Alleviation Development " before the disaster. The survey questionnaire collects a large amount of socioeconomic information about the household and its members and their assets and economic activities for 2007-2009. This survey collected a total of 423 questionnaires, and 319 actual effective samples among them, of which 37.9% are from Gansu Province, 37% from Sichuan Province, and 25.1% from Shanxi Province. 
Indicators
Data processing
The survey data processing of the questionnaires in this article is conducted in accordance with the interpretation of the relevant indicators in 2003 China Rural Poverty Monitoring Report". A simple explanation of the relevant indicators used in empirical analysis will be illustrated as follows. In statistics, the average net income per capita of rural residents will be calculated based on the measures of rural households. The total income of a rural household includes the income of planting, and the income of breeding, non-agricultural business income, salary income (including flexible labor salary and fixed salary), transfer income (including governmental transfer income, and donations from families and friends). Household operational expenses include planting expenses, breeding expenses and non-agricultural operational expenses. In statistics, the expense of fixed assets such as seeders, harvesters, etc., will be depreciated based on the 10-year service life. In this article, when calculating the per capita consumption of rural households, the house building and repair expenditures are converted as the expenditures of 20 years, and the basic living expenses include the expenditure of family food consumption converted according to market price.
The measurement of vulnerability of poverty of rural households in disaster areas
The measurement model of vulnerability of poverty by Pitchett, Suryhadi and Sumarto are used. And the following assumptions are made. The per capita income and per capita consumption among rural households are random variables independent from each other, in addition, and these two random variables conform to normal distribution in a certain period. In order to observe the relationship of vulnerability of poverty with per capita net income and with governmental transfer income, all the sample data are divided into 5 groups equally according to the per capita net income of household from low to high, and the vulnerabilities of poverty in each group are measured. Table 2, Table 3 shows the vulnerability of poverty calculated based on the official absolute poverty line and lowincome poverty line in 2007 and 2008. For the convenience of comparison, Table 5 and 6 list the average value of per capita net income of rural households and the subsidies actually received by the rural households in the same group after disaster. Note: Data are divided equally according to per capita income from low to high. Note: Data are divided equally according to per capita income from low to high.
Measurement of vulnerability of poverty in disaster area according to per capita net income of rural households
In Table 2 , one-fifth of population with the lowest income has per capita income of household higher than the absolute poverty line and low-income poverty line, however, their vulnerabilities are 20%, 25% and 30%, respectively, which are rather high and indicate that they still have great possibility of falling under the poverty line. With the increase of per capita income of household, the vulnerability decreases, however, even the household with the highest per capita income still has the possibility of falling below the poverty line. Table 3 shows the situation that income of rural households does not include the post-disaster subsidies. It is seen that, the family in the group with the highest per capita net income is not the least vulnerable, which illustrates that households of the sample had great fluctuations in income in these two years, resulting in large variance of the samples and the increased vulnerability of the sample. Our measurement is conducted after the fact happens, which indicates that the disaster would make some people's income level decreased if the government does not provide subsidies to the house holds in disaster area, thus increasing the vulnerability of poverty of rural households. Shown in Table 3 , the amount of transfer income per capita of rural households from government decreases with the increase of the net income, which reflects the overall fairness of post-disaster subsidies. As shown in Figure 2 and Figure 3 , under the circumstance of not including the disaster subsidies in the revenue of the households after the earthquake, there are 204 sample households above the poverty line of low-income, of which the vulnerabilities of 46 households are greater than 10%, 23% of households are faced with the 10% possibility of falling into poverty, according to the estimates of low-income poverty line in China. Under the circumstance of including the disasters subsidies in the revenue of the households, there are 305 households above relative poverty line (RMB 1300), of which 44 households are with vulnerability greater than 10%, 14.4% families are faced with the 10% possibility of going back into poverty. It's clear that our measure of vulnerability provides a significant complement to traditional measures of chronic poverty. It shares the advantage of intertemporal measures of income in being based upon long-term average welfare rather than measures from a single time period.
The comparison of influencing factors of rural households' vulnerability before and after disaster
Construction of model
This study tries to construct a regression equation of the vulnerability of poverty of rural households, and manage in the regression equation the major factors affecting the vulnerability of poverty. By comparing the significance and direction of contributions of various variables before and after the disaster, the main factors influencing the vulnerability of poverty of rural households as well as the changes taken place are analyzed.
Based on the existing research, authors put forward the regression equation of vulnerability to poverty before disaster, that is : Table 4 shows the estimation results of two separate regressions of vulnerability for rural households before and after disaster. parentheses . *** significant at the 5% level. ** significant at the 10% level. * significant at the 15% level.
Results
Variables
Discussion
The virtual variables of household type takes a significant negative effect on the vulnerability of poverty of rural households either before or after the disasters, which indicates that the vulnerability of poverty of part-time farmers and non-farmers is obviously lower than the pure farmer. After the earthquake, this variable plays an obviously greater role in reducing the vulnerability of poverty, indicating that the possibility of part-time farmers and nonfarmers falling into poverty is far lower than pure farmers when they are shocked by the disasters.
Before the earthquake, the elasticity coefficient of the variable of off-farm-work to vulnerability of poverty is negative and significant. That indicating the possibility of households with labors out before the disaster falling into poverty is obviously less than that without labors out. After the earthquake, the variable changed insignificantly, the following conclusion can be obtained combining with the change of the coefficient of arable area and household type. The behavior of farmer labors going out is influenced by the earthquake. After the disaster, part of farmers gave up the work outside and come back for planting and breeding so as to maintain their revenues.
Before the earthquake, the proportion of household operating income takes an apparently positive effect with the vulnerability of poverty of rural households. It is because the family operating income belongs to the primary industry. Families with a higher proportion of household operating income tend to have a lower net income and expenditure per capita, which leads to a higher degree of poverty vulnerability. Conversely, the proportion of household operating income in the family net income has a negative relation with the vulnerability of poverty of rural households after the earthquake. This further proves the significance of income belonging to the primary industry after the disaster. Meanwhile, combining with the analysis above, we can also make a safe conclusion that agricultural operation plays a key role in relieving the poverty of households.
The damage degrees of houses of rural households take a notable positive effect after the disaster. It means that rural households whose houses are severely damaged by the earthquake are liable to poverty. This indicates that the disaster influences the households from two aspects: on the one hand, some of the households have to maintain and renovate the destroyed houses yet fail to work outside, which leads to the reduced income and increased vulnerability of poverty; on the other hand, the vulnerability of poverty of farmers whose houses are more severely damaged tend to increase because the earthquake damages part of their fixed asset for living and manufacturing, and they are often very poor before the disaster.
In general, this study bears three illuminations for the future research: First, more efforts should be made to reduce the rural households' vulnerability and enhance their risk resistance ability. It requires us to clarify the connotation of household vulnerability and the main risks they might be faced with and assistances should also be provided to improve their ability in self-protection and risk resistance. Second, the connection between disaster, risk and poverty vulnerability should be specified, which means we should know how the disaster and risks influence the farmers' economic behavior and their family welfare. Third, the weak ability in targeting the poor households is a great challenge for the current poverty alleviation. The discussion and application of quantitative management in farmers' vulnerability will be helpful to improve the precision in targeting the households in poverty.
